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An SAW transducer placed between two mu ] t i -s t r i p reflectors is operated as a two terminal tank circuit. 
The device shows resona nce and anc i -resonan ce at frequencies where the input voltage is either in phase or oiff"" 
of phase with the back e.m.f. Such a two terminal device can be designed to behave as a single tank circuit, 
possessing a pole and a zero, or as a series of tank circuits, possessing equally spaced pole-zero pairs. 
Besides being a suitable replacement for crystal resonators in crystal controlled oscillators, the present 
device has the capability of operating at fundamental inode In excess of )00 HHz. The SAW tank circuit can be 
also used to synthesize filter netwo rks. We have made two types of SAW tank circuits in which the zero of one 
tank circuit coincides with the pole o f the oth er. They are further used as building blocks to cOflM ruLL rr<cegA 
in the con r i gu i d L I UJi uf — \ ll4*tWbrk and lattice networks. Each stage of the network would require at least 

^ crystal resonators, if conventional crystal devices were to be used. Experimental results of SAW ladder net- 
work and lattice network on LiNbO substrates will be presented and the uniqueness of SAW complete planar 
networks wilt be discussed. ^ . . . / / / — 



1 nt roduct ion 

In this paper, we present our experimental studies 
of surface acoustic wave planar resonators and related 
filter networks which are implemented simply by depo- 
sition of conductive patterns on a surface of LiNbO 
substrates. 

The planar resonator studied here consists of a 
surface wave traysducer placed between two multi- 
strip reflectors . Assuming the transducer is equi- 
distance (L') from the reflectors, the surface waves 
propagating back and forth between the transducer and 
the reflectors will resonate at cavity modes of 
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V is the velocity the surface waves, rruan 
sr, and f is the m - mode of the cavity reson 
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frequency. The frequency separation between cwo 
adjacent modes is clearly 
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Multi-mode Resonators 
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Since the surface acoustic wave is generated 
and sensed by the transducer, and the transducer it- 
self has^ a finite bandwi dth ,-.afi-t • a I I cavity modes can 
be excited. Assuming the transducer consists of 
N pairs of interdigital electrodes, then the fre- 
quency bandwidth between the first nulls of the trans- 
ducer response is 

Af. --r^-4^. (3) 
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where f^ is the center frequency and A is its corres- 
ponding wavelength of the transducer. *^Therefore, the 
number of modes which can be excited by this device 
will be 
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where L - 2L * is Che separation between the two reflec- 
tors and d is the length of the :ransducer'. Because 
of the limited page space, we show the exper 1 menta ; 
verification of £q . (3) only in the symposium presen- 
tation. A multimode resonator such as this can 3e 
used for a voltage controlled oscillator which gene- 
rates discrete frequencies. 

Single Mode Resonator 

In tq. Ci) , as the number of electrode pairs N 
in the transducer is increased, the nunber of modes 
n which can be excited decreases. In order to obtain 



a single mode resonator, the following conditions have 
to be cons i dered. 

(a) The number of modes excited should be n < 2 
in Eq. C*), which requires L • d. This condition, 
however, is not physically realizable, because the 
reflectors have finite dimensions in the direction of 
wave propagation. Nevertheless, n can be set r>Mrly 
equal to 3- 

(B) With n =t 3, if one of the cavity modes f^ 
coincides with the center frequency of the transducer, 
the f^_, and f . modes will be nearly at the first 
nulls of the transducer response. This requires that 
f - Mv/(2L') be equal to the center frequency 
f v/A . Fig . I -a illustrates the result of such a 
resonator. In "this experimental device, which is made 
for a feasibility study and not necessarily meant to 
be optimum, the transducer consists of two 30 pair 
electrodes connected electrically in series, but 
acoustically equivalent to a single 60 pair transducer. 
Such a design enables one to reduce the static capaci- 
tance to one-quarter of that of the 60 pair trans- 
ducer. The finger length of the device is 20 A , and 
both the finger width and spacing are t mil. Each 
reflector is a 120 strip structure with half a mil 
strip width and a half mil space. L' - 1 08 , d - 
60 A and n • 3.6 in this device. The oscillogram 
o f F?Q. 1-a s hows the current viz. frequency for a 
constant input voltage. It is converted into the 
driving point Impedance in amplitude and phase as in 
Fig. 2. The resonator clearly shows a resonance and 
an anti- resonance. At the resonance frequency f^, 
the phase is zero and the Impedance is nearly minimum 
(a zero in complex S plane). At an t i -resonance fre- 
quency f , the phase is again zero and the impedance 
is nearl? maximum (a pole). The driving point imped- 
ance is inductive in the region between f and f 
and is capacittve outside this region. t/I i s character- 
istic is very much the same as that of a bulk crystal 
resonator . 



The circuit inertia of a resonator, if defined 



by 
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is « 12k for the illustrated device. Two such 
devices connected in series yield Q • 306 as in 
Fig, 3- Note that two devices in series can ^e 
reduced into one single planar pattern, and is no 
more complicated than a single device. At the time 
this paper is being prepared, observation of anti—' 
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, resonance is reported by L^kin et ^1 in a single inter- 
digital transducer without reflectors. The tranjducer 
consists of 100 pairs of 5 wavelength electrodes . 
Their device with a parallel loading capacitance 
showed a Q - 78 according to the data given by 
Lakin et a?, but the inertia defined by 
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is as high as 1900 at f - f^, where ^ is the 
slope of the phase angle curve evaluated^at f » f ^ . 
According to this definition, our single device has 
a Q = Q » 701. and Q = Q - 880 for two devices 
conSecteS in series, wfiere & is defined by replacing 
subscript a by r in Eq. (6). These values are 
measured directly on the device and no parallel 
loading capacitance is added. The existence of a 
shunt loading capacitance lowers the an t i - resonance 
frequency f to closer to the resonance frequency 
f and, as a result, the slope of the phase curve 
increases at f . Thus, (i can be increased consider- 
ably with the iefinition of Eq. (6). On the other 
hand, the parallel loading capacitance also increases 
the direct feedthrough current to such an extent 
that the series resonance may be completely buried, 
and Q and Q will remain very srnall. In contrast 
to such a transducer-only resonator, the existence 
of the reflectors shown here seem to yield consider- 
ably higher Ci and Q,. By optimization of the device 
and designing^! t for'higher frequency above 100 MHz 
operation, it should not be difficult to bring the 
Q and = from 800 at 33.6 MHz to above 2000. 

^ Complementary Resonator 

The reason_for ut i 1 izi nq reflectors is not just 
to improve the Q and 5 as described above. One of 
the purposes of our study is to utilize the reflec- 
tors to control the positions of the resonant (zero&) 
and the ant i - resonan t (poles) frequencies. In a 
lattice filter network, to be'discussed later, two 
types of resonators are required. The poles of one 
resonator (say device B) must be designed to coincide 
with the zeros of another (say device A). In 
principle, this can be achieved by several means. 
One may consider changing the transducer periodicity, 
in B device slightly from that of A, so that the 
anti-resonant frequency (f of the B device is 
shifted to coincide with tfie resonance frequency 
(f ) of the A device. In reality this is very 
diFficult. if not impossible, because the periodicity 
of the device most differ only by an order of A^/Q^. 
Even for resonators having a 0 of 100. the fabri- 
cation of such a resolution wITl be impractical. One 
may also consider the possibility of fabricating 
the saine devices a 1 ong. d i f f eren t crystal orienta- 
tions on the same surface, so as to utilize two 
different wave velocities. Again, the fabrication 
becomes difficult. 

In the structure of the present devices, the 

control of pol e-zero- re I at i on can be easily achieved 

as follows. Let the A device be designed to have a 

resonance frequency f wh i ch has a cav i ty' leng th of 

L' , and the B device to have the cavity length of 

L''^'- (L* - X). The resonant frequency of the B 
devi ce witl then be 

f 
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It is desirable that this frequency is equal to the 
ant i -resonance frequency of the A device, f^^ By 



equating f^g - f^^. 



we have 



X - L'(l - y^]. (7) 
aA 

Assuming the separation f^^ - f^^ is approximately 
equal to one-half the separationof the M and the 
(M + t) cavity mode of the A device, i.e.; 
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for hL' >> A 



(8) 



Eq. (7) is reduced to X 

This conclusion can be also arrived at by simple 
physical reasoning. The reduction of the cavity length 
by one-quarter a wavelength will result in one-half 
wavelength change in the round trip distance by the 
surface waves In the cavity. Thus the position of 
peaks and nodes of the standing waves in the cavity 
will interchange positions. This is experimentally 
demonstrated in Fig. 1 -b . Clearly the positions of 
the poles and zeros in the B device are complementary 
to those of the A device. Another uniqueness of such 
a design is that the static capacitance of the two 
devices remain exactly equal. This fact is important 
in lattice network (bridge circui t) appl Icat ions , when 
static capacTtanccs of the "two arms have to be 
balanced. 

Planar Networks 

Besides being a suitable replacement for crystal 
resonators in crystal controlled oscillators, espe- 
cially in the higher frequencies, the planar resona- 
tors (or SAW tank ci rcui ts]L.can be also used to 
synthesize filter networks. Once the two afore- 
mentioned types of devices are ava i I ab I e 1 adder netj:^ 
w orks and lattice networks can be constr ucted^ The 
TTmplest examples 3Ve a symmetrical T ror a section 
of ladder network and a simple bridge for a section of 
lattice network. There are many possible variations 
in the combined use of pure capacitors and tank cir- 
cuits with complementary pole-zero relation. The 
complexity of the network depends on the bandwidth 
and percentage separation ranges required of the 
networks. The implementation of these networks^wl th 
crystal resonators have been discussed by Mason . 
The primary purpose of this study is to show the 
feasibility of these implementations with .S^K-iiXJtUi-ta — 
and how they can be accomplished with one conductive 
pattern on a surface of a substrate. If no inductance 
is allowed, networks realizable with SAW resonators 
"arc bandpass filters. Right column of Fig. ^ illus- 
trates the SAW patterns used to realize the networks 
shown in the left column of the figure. In the T 
network or the lattice network, both A and B devices 
shown in Fig. -1* can be either S AW resonators o r pure 

capacitoFi: CrSJaTly, B ha'^-mr^ompi emen tary pole- 

zero configuration with respect to A. In the SAW ^ 
.attern. we only show the case where the B device «s 
a pure capacitance, to illustrate another unique 
feature of the SAW implementation. A pure capacitance 
can be implemented with an interdigital electrode 
oriented along the X axis of the y-cut z-propagat i ng 
substrate. Along the X axis the electrode does not 
generate surface waves, because of the weak piezo- 
electric coupling. Even if it does, the frequency 
will be outside the range of our interest. This is 
very convenient, especially if the value of the 
capacitance has to be equal to the capacitance of the 
other arm. Exact capacitance can be obtained by 
simply rotating the same transducer in the resonator 
by 90' on the surface of the substrate. For illus- 
tration. Fig. 5 is an experimental resuU of a 



symmetrical T section. The series .arm is the A 
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device described above and the shunt arm Z Is a 

B 

pure capacitance of ^0 pf. The pass band of the 
filter Is known to be in the region 



by cavity length with respect to the transducers. 

6) The transducer fingers can be weighted to control 
the multi-mode resonator also. 



(9) 



Since 2g is always negative (capacltive reactance) 
and 2^ *5 positive between f and f , the lower cut- 
off occurs at f , The attenuation peak occurs at 
ant i -resonance f ^ , consequently, the upper cutoff 
occurs at somewhlre between f and f , at which the 
inductive reactance of 2 equals caplcitive reactance 
of 22g. The upper cutofr can be adjusted by the value 
of the shunt capacitor. 

Another illustrat ion (Fig, 6) is an experimental 
result of a lattice network in which the series arm 

is the A device, and the lattice arm 2 is the 
complementary B device mentioned above." The pass 
band of the filter is known to occur in the region. 



(10) 



It seems as if the SAW device has more flexl- 
billty In adjusting the tank circuit parameter than 
crystal resonators. 
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The filter property can also be described as follows: 
The pass band occurs in the region where poles of 
Z coincide with zeros of 2^ or vice versa, and the 
stop band is the region where poles or zeros of 2 
coincide with poles and zeros, respectively, of 2^. 
A critical frequency in 2 . but not in 2. , or vice 
versa, defines a cutoff frequency. The attenuation 
peaks occur when the impedances of the four arms 
are balanced as a Wheatston bridge. These character- 
istics are all shown in the experimental results. 
Similarly, many more variations of filter networks 
can be realized. The complexity depends on the 
bandwidth and percentage separation range required 
of the f i 1 ter. 



Concluding Remarks 

We have shown the feasibility of constructing 
resonators and related networks with SAW devices. 
We feel that the following remarks represent the 
uniqueness of the SAW planar devices. 

1) Complex RLC network function can be realized 
with simple electrode film patterns deposited on a 

'Surface of a piezoelectric substrate. 

2) The resonant frequencies are not determined by 
physical size of the crystal (such as the thickness 
of a crystal resonator) but by the periodicity of 
the transducer. Therefore, it is possible to fabri- 
cate a high frequency device in excess of 100 MHz. 

3) In bulk crystal resonators, the ratio of static 
capacitance to the motional capacitance is fixed and 
is determined by the crystal property only. The 
ratio is typically l^iO for quartz crystal. This 
ratio determines the passband width in a filter, 
which is typically only 0.i|^. In planar SAW reso- 
nators. C can be adjusted independent of C by series 
connections of interdigitai electrodes in a cavity. 

^ ^) In the SAW resonators, the resonant frequency 
✓ is determined by periodicity. For a fixed periodicity, 
the width and the space ratio can be adjusted, so 
that the relative ratio of the motional inductance 
^ and capacitance can be adjusted to some extent. 

5) The relative pole zero positions can be adjusted 
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Fig. 1 Two types of resonators whose internal pole- 
zero positions, are complementary to 
each other. The cavity lengths of the two 
differ by A /k 
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Fig. 2 Driving point Impedance of a single resonator 
A . 
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Fig. 3 Driving point impedance of two A devices 
in series 
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SAW IMPLEMENTATION OF NETWORKS 
Fig. ^ 



(nserl of Fig. 5 
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Fig. 5 Transfer characteristics of a T network. 
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Fig. 6 Transfer characteristics of a lattice network 
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